A range of biologically important substituted 3-methylidene-2,3-dihydro-4H-pyrimido[2,1-b][1,3]benzothiazol-4-ones and 3-methylidene-3,4-dihydro-2H-pyrimido[2,1-b][1,3]benzothiazol-2-ones was synthesized applying Horner-Wadsworth-Emmons methodology for the introduction of exo-methylidene bond onto a heterocyclic ring. Crucial in this approach, phosphonates were prepared by the reaction of ethyl 2-diethoxyphosphoryl-3-methoxyacrylate or ethyl 2-diethoxyphosphoryl-3-chloroacrylate with 2-aminobenzothiazoles, followed by addition of Grignard reagents to the obtained 3-diethoxyphosphoryl-4H-pyrimidobenzothiazol-4-ones or 3-diethoxyphosphoryl-2H-pyrimido[2,1-b][1,3]benzothiazol-2-ones, respectively. Surprising, ambident behavior of 2-aminobenzothiazoles towards ethyl 2-diethoxyphosphoryl-3-methoxyacrylate and ethyl 2-diethoxyphosphoryl-3-chloroacrylate is also discussed.
Introduction
Fused polyheterocycles, especially those containing nitrogen atoms, represent the core structural motif of a wide range of biologically active compounds. 1 Not surprisingly, they are an important field of research and a very attractive target for the drug industry. One of such characteristic structural motifs are pyrimidobenzothiazolones, in which a pyrimidine ring is fused with another pharmacophorically active nucleus, benzothiazole, through a nitrogen atom. Synthesis and biological activity of both possible structural arrangements, 4H-pyrimido [ Pyrimidobenzothiazol-4-ones 1 substituted at positions 2, 3 or in benzothiazole moiety were synthesized by condensation of 2-aminobenzothiazoles with diethyl malonates 2 or ethyl acetoacetate 3, 4 or in the reaction of 2-aminobenzothiazoles with various Michael acceptors, such as diethyl alkoxymethylidenemalonates, [5] [6] [7] [8] ethyl 2-cyano-3,3-bismethylthioacrylate, 9, 10 2-cyano-3-dimethylaminoacrylohydrazides 11 or dimethyl aminofumarate. 6 Pyrimidobenzothiazol-4-ones 1 display interesting biological properties, for example anticancer, [9] [10] [11] antimicrobial, 2,4,9 antiallergic 6 or antifungal. 3, 4 Syntheses of 2H-pyrimido [2,1-b] [1, 3] benzothiazol-2-ones 2 are usually less effective and were accomplished in a three-component reaction of a substituted benzaldehyde, malonate and 2-aminobenzothiazole 12 or by heating 2-aminobenzothiazoles with propargylic acids, 13 but-2-yn-1,4-diates 14, 15 or ethyl cyanoacetate. 16 Another method is a microwave-promoted reaction of 2-aminobenzothiazoles with Baylis-Hillman acetates. Following the success of our recent studies involving a new methodology which can be applied to the synthesis of diverse phosphorylated ortho-fused azaheterocycles 21 we decided to further test the efficiency of 2-diethoxyphosphoryl-3-methoxyacrylate 4 in the preparation of 3-diethoxyphosphoryl-4H-pyrimido [2,1-b] [1, 3] benzothiazol-4-ones 6, which are crucial intermediates in the present synthesis. To our delight, reacting methoxyacrylate 4 with 2-aminobenzothiazoles 3a-d in methanol at room temperature for 24 hours followed by the evaporation of methanol from the reaction mixture gave crude aminoacrylates 5a-d which were formed as mixtures of E and Z isomers. Their spectral data were in accordance with their structure. For example, in the 31 P NMR spectrum of crude 5a only two signals from E and Z isomers were present (δ 20.10 and 21.26 in 35/65 ratio, respectively). To simplify the procedure, crude aminoacrylates 5a-d were used in the next step. Heating them in Dowtherm A at 250 o C for 30 minutes induced intramolecular cyclization and, after column chromatography, pure 3-diethoxyphosphorylpyrimidobenzothiazol-4-ones 6a-d were obtained in moderate to good yields (Scheme 1, Table 1 ). 1 H, 13 C and 31 P NMR spectra of 6a-d were in full agreement with their structures. Looking for milder reaction conditions for the synthesis of 6, we decided to test the reaction of 2-aminobenzothiazoles 3a,b,e with 2-diethoxyphosphoryl-3-chloroacrylate 7. Chloroacrylate 7 has not been reported so far but turned out to be easily available by SOCl 2 chlorination of ethyl 2-diethoxyphosphoryl-3-hydroxyacrylate (see Experimental) . Surprisingly, the reaction of 7 with 2-aminobenzothiazoles 3a,b,e in THF, in the presence of pyridine proceeded smoothly at room temperature giving proiducts isomeric to 6 -3-diethoxyphosphoryl-2H-pyrimido [2,1-b] [1, 3] benzothiazol-2-ones 9a,b,e, in good yields (Scheme 2, Table 1 ). In this reaction we were unable to isolate the intermediate substitution products 8a,b,e. The NMR spectra of 9a,b,e were in accordance with their structures. Furthermore, the two regioisomers 6a and 9a were selected for X-ray single crystal analysis to explicitly confirm their structures. The crystal structure of 9a is reported herein. Crystal data for 6a have been already deposited in the Cambridge Structural Database 22 by us as part of a publication on new crystal packing motifs. Views of molecules 6a and 9a as determined in the crystalline state are presented in Figure 2 . Surprisingly, conformation around the exocyclic P1-C1 bond differs significantly in these two regioisomers. It can be conveniently defined by the O4-P1-C1-C10 torsion angle which adopts values -176.20(13)° (anti) and -65.23(13)° (gauche) in 6a and 9a, respectively. The gauche The unexpected formation of pyrimidobenzothiazol-2-ones 9 can be rationalized assuming that the addition of 2-aminobenzothiazoles 3 to chloroacrylate 7 proceeds via the imine nitrogen atom and, after the elimination of chloride, substitution products 8 are formed, which undergo spontaneous intramolecular cyclization to yield 9. It is worth mentioning, that previously reported additions of 2-aminobenzothiazoles to 2-alkoxyalkylidenemalonates [5] [6] [7] [8] or ethyl 2-cyano-3,3-bis(methylthio)acrylate 9,10 proceeded always via the amine nitrogen, yielding 3-alkoxycarbonyl or 3-cyanopyrimidobenzothiazol-4-ones, respectively. In turn, addition of 2-aminobenzothiazole 3a to alkyl 2-arylidenemalonates proceeds via the imine nitrogen atom. 12 Reactions of 2-aminobenzothiazoles with 2-chloromethylidenemalonates have not been reported. To shed more light on the observed phenomenon, we performed the reaction of 2-diethoxyphosphoryl-3-methoxyacrylate 4 with 2-aminobenzothiazole 3a in THF, in the presence of pyridine and it turned out that the substitution product 5a was formed exclusively. Therefore the different regioselectivity noticed for the substrates 4 and 7 is caused by the different substrate structure rather than the different reaction conditions. However, full understanding of our observation certainly needs further investigation. Nevertheless, the fully regioselective, ambident reactivity of 2-aminobenzothizoles 3 towards 4 and 7 gives obvious synthetic advantages and the potential of this phenomenon is currently being tested in our laboratory. The synthesised 3-diethoxyphosphorylpyrimidobenzothiazol-4-ones 6a-d and 3-diethoxyphosphorylpyrimidobenzothiazol-2-ones 9a,b,e were next used as Michael acceptors in reactions with various Grignard reagents. Additions took place effectively in the presence of CuI and after a standard work-up and purification by column chromatography, 2-substituted 3-diethoxyphosphoryl-2,3-dihydro-4H-pyrimido [2,1-b] [1, 3] benzothiazol-4-ones 10a,d,e,i-l and 3-diethoxyphosphoryl-3,4-dihydro-2H-pyrimido [2,1-b] [1, 3] benzothiazol-2-ones 12a-j,m were obtained in good to excellent yields (Scheme 3, Table 2 ). Only additions to benzothiazol-4-one 6d were ineffective and always gave a complex mixture of products. Benzothiazol-4-ones 10e,j,l substituted with a phenyl group were obtained as single trans isomers and benzothiazol-4-ones 10a,d,i,k as a mixture of trans and cis isomers in a ratio given in Table 2 . In turn, benzothiazol-2-ones 12a-j,m were all formed as single trans isomers. Formation of trans-benzothiazolones 10 and 12 as major or single stereoisomers is in accordance with a well-established observation, that in this type of Michael addition, thermodynamic control is usually observed. 23, 24 Analysis of 1 H, 13 C and 31 P NMR spectra fully confirmed the structures of benzothiazolones 10 and 12 and their stereochemistry. Diagnostic for a trans diaxial arrangement of diethoxyphosphoryl group and R 2 substituent were coupling constants 3 J H3-H2 = 0.9-1.2
In the final step of our synthesis, pyrimidobenzothiazolones 10 and 12 were employed in HornerWadsworth-Emmons olefinations with formaldehyde. Reaction of pyrimidobenzothiazol-4-ones 10a,d,e,i-l with an excess of paraformaldehyde proceeded smoothly in the presence of NaH as a base. Crude 3-methylidene-2,3-dihydro-4H-pyrimido [2,1-b] [1, 3] benzothiazol-4-ones 11a,d,e,i,j were purified by column chromatography to give the target compounds in good to moderate yields (Scheme 3, Table 2 ). Disappointingly, methylidenepyrimidobenzothiazolones 11k,l were very unstable and decomposed during attempted purification by column chromatography. Decomposition was noticable also during the storage of the crude compounds in a refrigerator for several hours. The 1 H NMR spectra of 11k,l given in the experimental section were therefore registered immediately after the reaction, using crude products. Slow decomposition was also observed for the remaining methylidenepyrimidobenzothiazolones 11, even if they were kept in the refrigerator. P NMR spectra of the crude compounds. b Yield of isolated, purified product, based on 6, 10, 9 or 12, respectively. c Yield was not determined due to fast decomposition of the obtained compounds.
In turn, synthesis of 3-methylidene-3,4-dihydro-2H-pyrimido [2,1-b] [1, 3] benzothiazol-2-ones 13a-j,m was accomplished when pyrimidobenzothiazol-2-ones 12a-j,m were treated with paraformaldehyde in the presence of K 2 CO 3 as a base. Purification of the crude products by column chromatography gave methylidenepyrimidobenzothiazolones 13a-j,m in good to moderate yields (Scheme 3, Table 2 ). In contrast to the methylidenepyrimidobenzothiazol-4-ones 11, methylidenepyrimidobenzothiazol-2-ones 13 were stable at room temperature for at least several weeks.
In conclusion, we have performed an efficient synthesis of new, biologically important methylidenepyrimidobenzothiazolones 11 and 13 using Horner-Wadsworth-Emmons methodology. It is worth stressing that key intermediates 6 and 9 were effectively obtained due to the unexpected discovery of the ambient and fully regioselective behavior of 2-aminobenzothiazoles 3 toward methoxyacrylate 4 and chloroacrylate 7. The structure of both regioisomers 6a and 9a were unequivocally determined by X-ray structure analysis. Currently, target methylidenepyrimidobenzothiazolones 13 are being assessed for their cytotoxicity and preliminary tests show that they are highly active. These, very interesting biological results will be published shortly.
Experimental Section
General. NMR spectra were recorded on a Bruker DPX 250 or Bruker Avance II instrument at 250. 13 
31
P NMR spectra were recorded using broadband proton decoupling. IR spectra were recorded on a Bruker Alpha ATR spectrophotometer. Melting points were determined in open capillaries and are uncorrected. Column chromatography was performed on Aldrich® silica gel 60 (230-400 mesh). Thin-layer chromatography was performed with precoated TLC sheets of silica gel 60 F 254 (Aldrich®). The purity of tested compounds was determined by combustion elemental analyses (CHN, elemental analyzer EuroVector 3018, Elementar Analysensysteme GmbH). Reagents and starting materials were purchased from commercial vendors and used without further purification. All organic solvents were dried over appropriate drying agents and distilled prior to use. Standard syringe techniques were used for transferring dry solvents. The crystal data were collected on a Bruker Smart APEX2 diffractometer at 100 K Ethyl 3-chloro-2-(diethoxyphosphoryl)acrylate (7). To a mixture of triethyl phosphonoacetate (10.5 mL, 52 mmol) and ethyl formate (14.1 mL, 170 mmol) in EtOH (20 mL) NaOEt in EtOH (15%, 100 mmol) was added. The reaction was stirred at ambient temperature for 3 d. The mixture was concentrated in vacuo, CH 2 Cl 2 (100 mL) was added, and the mixture was acidified to pH ca. 1.5 with 10% aq HCl solution. The organic layer was separated, dried over Na 2 SO 4 and concentrated under reduced pressure. The crude ethyl 2-(diethoxyphosphoryl)-3-hydroxyacrylate was dissolved in toluene (75 mL), then SOCl 2 (4 mL, 55 mmol) followed by catalytic amount of DMF (0.1 mL) were added. The mixture was heated under reflux for 4 h. The solvent was evaporated, and the crude product was distilled under reduced pressure to afford pale yellow product 7 (87%, bp 100- 
General procedure for the synthesis of diethyl (4-oxo-4H-benzothiazolopyrimidin-3-yl)phosphonates 6a-c,e.
To a solution of 2-aminobenzotriazole 3a-c,e (10.0 mmol) in MeOH (50 mL) 2-diethoxyphosphoryl-3-methoxyacrylate (4) (2.66 g, 10.0 mmol) was added and the mixture was stirred for 24 h. Next, the MeOH was evaporated and Dowtherm A (150 mL) was added. The mixture was heated under reflux for 30 minutes. After cooling, the reaction mixture was applied to a silica gel column. The column was washed in turn with hexane (150 mL), EtOAc (150 mL) and EtOH (150 mL). The EtOH fraction was evaporated and the residue purified by column chromatography (eluent: EtOAc-MeOH, 10:1). Diethyl (8-chloro-4-oxo-2-phenyl-3,4-dihydro-2H-benzo[4,5]thiazolo[3,2-a]pyrimidin-3-yl) 
Diethyl (4-oxo-4H-benzo[4,5]thiazolo[3,2-a]pyrimidin-3-yl)phosphonate (6a)
.major and minor, CH 2 ), 1.56 -1.28 (m, 4H, major and minor, CH 2 ), 1.33 (t, J 7.0 Hz, 3H, major and minor, CH 3 CH 2 O), 1.23 (t, J 7.1 Hz, 3H, major and minor, CH 3 CH 2 O), 0.88 (t, J 7.0 Hz, 3H, major and minor
General procedure for the synthesis of 3-methylidene-4H-pyrimidobenzothiazol-4-ones 11a,d,e,i-l.
To a solution of the corresponding 4H-pyrimidobenzothiazol-4-ones 10a,d,e,i-l (0.5 mmol) in THF (5 mL), NaH (14 mg, 0.6 mmol) was added and the resulting mixture was stirred at rt for 30 min. Then, paraformaldehyde (75 mg, 2.5 mmol) was added in one portion. After 4 h, the reaction mixture was quenched with brine (10 mL) and extracted with CH 2 Cl 2 (3 × 10 mL). The organic layer was dried over MgSO 4 and the solvent was evaporated. The crude product was purified by column chromatography (eluent: CH 2 Cl 2 ). 6 (s, CH-Ar), 117.7 (s, CH-Ar), 64.4 (s, C-2) . Anal. Calcd for C 17 H 12 N 2 OS (292.36): C, 69.84; H, 4.14; N 9.58%. Found: C, 69.80; H, 4.15; N 9.61%. . The integration of the data yielded a total of 13768 reflections to a θ ). The final anisotropic full-matrix least-squares refinement on F 2 with 232 variables converged at R 1 = 3.27%, for the observed data and wR 2 = 9.30% for all data. All non-solvent hydrogen atoms, were placed in calculated positions and refined isotropically using a riding model. The disordered hydrogen atoms of water molecule placed around the inversion center were refined using suitable DFIX and DANG restrains. The goodness-of-fit was 1.044. CCDC 1477145 contains the supplementary crystallographic data for this paper. (8-methyl-2-oxo-2H-benzo[4,5]thiazolo[3,2-a]pyrimidin-3-yl) , 1H, H-Ar), 4.82 (dt, J 14.0, 6.6 Hz, 1H, H-4), 4.19 -4.12 (m, 2H, CH 2 OP), 3.93 -3.86 (m, 2H, Diethyl (4-ethyl-8-methyl-2-oxo-3,4-dihydro-2H-benzo[4,5]thiazolo[3,2-a]pyrimidin-3-yl) CDCl 3 ) δ 172.4 (s, C-Ar), 166.9 (d, J 4.5 Hz, C(O) 
2-Methyl-3-methylene-2,3-dihydro-4H-benzo[4,5]thiazolo[3,2-a]pyrimidin-4-one (11a)
.
2-Butyl-8-methyl-3-methylene-2,3-dihydro-4H-benzo[4,5]thiazolo[3,2-a]pyrimidin-4-one (11i
700 MHz, CDCl 3 ) δ 7.55 (d, J 7.8 Hz, 1H, H-Ar), 7.42 (d, J 7.8 Hz, 1H, H-Ar), 7.24 (d, J 7.8 Hz, 1H, H-Ar), 7.20 (d, J 7.8 Hz
